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RESUMO 
 
Este estudo investigou a função mastigatória, o paladar, a presença de compostos 
sulfurados voláteis (CSV) e a bioquímica salivar em sujeitos saudáveis (18-33 anos), e a 
indução de adipócitos em glândula salivar e suas implicações em modelo animal. Três 
estudos foram conduzidos, apresentados na forma de capítulos. Capítulo 1: Investigou a 
performance e habilidade mastigatória, paladar e a possível relação com  gênero, índice de 
massa corporal (IMC), circunferência de cintura (CC) e fluxo salivar estimulado (Stim) e 
não estimulado (Unst). Foram avaliados 171 indivíduos, (125♀ 46♂). A performance 
mastigatória foi determinada pela capacidade de fragmentação do Optocal plus e habilidade 
mastigatória com o uso da escala visual analógica (EVA). O paladar foi verificado pela 
percepção dos quatro sabores primários. A estatística descritiva, teste de normalidade, 
correlação, comparação e modelos de regressão foram utilizados, sendo as variáveis 
dependentes a função mastigatória e o paladar e as independentes: gênero, idade, variáveis 
antropométricas e fluxo salivar. Na análise de regressão linear múltipla, as variáveis 
independentes não predisseram o modelo para performance mastigatória. Com a habilidade 
mastigatória (HM) o modelo explicou 14% da variabilidade e para o paladar 5%. Os 
resultados indicaram que a performance não foi relacionada com parâmetros 
antropométricos e salivares em  indivíduos jovens saudáveis. A habilidade foi relacionada 
com IMC, CC e gênero. O paladar foi fracamente relacionado ao IMC e CC. Capítulo 2: 
Verificou a bioquímica salivar e presença de CSV e a possível interferência do IMC, fluxo 
e pH stim/unst. Para a verificação dos CSV foram avaliados 71 voluntários (57♀ 14 ♂), 
utilizando o aparelho Oral chromeTM. Foram determinadas as concentrações de proteína 
total, cálcio, fosfato, amilase e ureia em 171 voluntários (125♀ 46 ♂), em saliva stim/unst. 
A bioquímica salivar foi semelhante em relação à antropometria. No entanto, as respectivas 
concentrações diferiram significativamente entre saliva Stim/Unst, com exceção da 
amilase. Os indivíduos apresentaram quantidades semelhantes de CSV em relação ao IMC. 
Em indivíduos com valores críticos de metilmercaptana (CH3SH) observou-se correlação 
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significativa (r=0.51) com o pH (unst). Capítulo 3: Investigou o eventual aparecimento de 
adipócitos nas glândulas salivares em modelo animal (camundongos). A adipogênese foi 
realizada com dieta rica em gordura, e ainda via receptor de proliferadores de peroxissoma 
gamma (PPAR gama) com rosiglitazona. Western blot, histoquímica e imunoistoquímica 
foram utilizadas. Análise de microarray foi realizada para verificar o efeito da dieta. 
Anticorpos: fosfo-4E BP1 e tirosina hidroxilase marcaram a atividade de mTOR e nervos, 
respectivamente. O microarray mostrou um número significativo de alterações genéticas. 
Em relação à dieta observou-se baixa ou nenhuma expressão de fosfo 4E-BP1 e aumento na 
atividade de tirosina hidroxilase. Em camundongos tratados com rosiglitazona verificou-se 
ativação de mTOR  e tirosina hidroxilase. Conclusão: Pelos resultados dos três capítulos 
concluiu-se que em indivíduos jovens e saudáveis a função mastigatória e paladar não 
foram influenciados pelo padrão salivar e foram fracamente relacionados ao 
antropométrico. A bioquímica salivar e presença de CSV foi semelhante em relação à 
antropometria. Observaram-se mudanças relacionadas à atividade do sistema nervoso em 
glândula salivar de camundongos devido à dieta rica em gordura ou ativação de PPAR 
gamma. 
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ABSTRACT 
 
This study investigated masticatory function, the presence of volatile sulfur compounds 
(VSC) and salivary biochemistry in healthy subjects (18-33 years), and also the induction 
of adipocytes in the salivary gland and its implication in an animal model. Three studies 
were conducted, presented as chapters. Chapter 1: Investigated the performance and 
chewing ability, taste, and the possible relationship to gender, body mass index (BMI), 
waist circumference (WC) and stimulated salivary flow (Stim) and unstimulated (Unst). 
171 individuals (125♀ 46♂) were evaluated. Masticatory performance was determined by 
the ability of fragmentation Optocal plus and chewing ability with the use of visual 
analogue scale (VAS). Taste was verified by the perception of the four primary flavors. 
Descriptive statistics, normality tests, correlation, comparison and multiple linear 
regression models were used. In multiple linear regression performance was not predict by 
the independent variables in the model. With chewing ability the model explained 14% of 
variability and 5% for the taste. The results indicated that masticatory performance was not 
related to anthropometric parameters and saliva in healthy young subjects. The ability was 
related to BMI, WC and Gender. Taste was weakly related to BMI and WC. Chapter 2: 
Verify the salivary biochemistry and presence of VSC and the possible influence of BMI, 
flow and pH (Stim)/(Unst). For the verification of VSC 71 volunteers (14 57♀ ♂) were 
assessed using the Oral chromeTM device. The concentrations of: total protein, calcium, 
phosphate, urea and amylase were investigated in 171 volunteers (46 125♀ ♂) in saliva 
(Stim) / (Unst). Biochemical salivary were similar in respect of anthropometry. However, 
the concentrations differed significantly between saliva (Stim)/(Unst), with the exception of 
amylase. The sample presented similar amounts of CSV in relation to BMI. In individuals 
with critical values of methylmercaptan (CH3SH) we observed a significant correlation (r = 
0:51) with pH Unst. The results indicate that in healthy young subjects salivary 
biochemistry and VSC exhibit similar behaviour in relation to BMI. The (CH3SH) when 
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greater than the normal limit concentration was correlated to pH Unst. Chapter 3: We 
investigated the possible appearance of adipocytes in the salivary glands in animal model 
(mice). Adipogenesis was performed with high-fat diet, and also via peroxisome 
proliferator-gamma (PPAR gamma) with rosiglitazone . Western blot, histochemistry and 
immunohistochemistry were used. Microarray analysis was performed to assess the effect 
of diet. Antibodies: phospho-4E-BP1 and tyrosine hydroxylase marked mTOR and nerves 
activity, respectively. The microarray showed a large number of genetic changes. 
Regarding diet was observed low or no expression of phospho-4E-BP1 and an increase in 
tyrosine hydroxylase activity. In mice treated with rosiglitazone  there was activation of 
mTOR and tyrosine hydroxylase. The results suggest that there are changes in salivary 
gland innervation before stimuli for adipogenesis. Conclusion: We concluded that in 
healthy young individuals masticatory function was not influenced by the salivary pattern 
and was weakly related to anthropometric. Salivary Biochemical and presence of CSV was 
similar in relation to anthropometry. There are alterations in the activity of the nervous 
system in the salivary glands of mice due high fat diet or activation of PPAR gamma. 
Key words: Mastication.Taste. Saliva. Anthropometry.Halitosis.Adipogenesis. 
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INTRODUÇÃO 
 
Na cavidade oral o alimento está sujeito a diversos processos mecânicos e 
químicos. O alimento é fraturado pelos dentes, umedecido pela saliva formando um bolo 
para ser deglutido (van der Bilt et al., 2010). Este processo envolvendo a redução do 
tamanho do alimento preparando-o para deglutição e digestão é chamado de mastigação e 
relaciona-se com sensações de sabor, fatores comportamentais e socioeconômicos (Pereira 
et al., 2006) e com a quantidade de alimentos a ser ingerida. Durante o processo de 
mastigação o organismo recebe avisos e se prepara quimicamente para a assimilação dos 
nutrientes, até o momento em que emite sinais de saciedade (Douglas, 2002).   
A capacidade do indivíduo em fragmentar um material teste mastigável ou um 
alimento pode ser mensurada pela performance mastigatória. Um dos métodos confiáveis 
para esta mensuração é a peneiragem de partículas fragmentadas (Lucas and Luke, 1983; 
Olthof et al., 1984; Speksnijde et al., 2009). É importante ressaltar que materiais teste 
mastigáveis podem ser mais adequados que alimentos pela maior capacidade de 
reprodutibilidade de tamanho e forma da partícula (Gavião et al., 2007). O processo de 
redução das partículas dos alimentos depende de variáveis tais como força de mordida, 
atividade dos músculos da mastigação e o número de dentes em oclusão (Fontijn-Tekamp 
et al., 2004). A perda dentária pode, portanto prejudicar a mastigação (van der Bilt, 2011; 
Kim et al., 2009),  
Durante a mastigação, mecanorreceptores dos tecidos gengivais, periodonto e 
mucosa são estimulados, induzindo ao aumento do fluxo salivar (Engelen et al., 2005). A 
saliva imprime um papel importante na saúde bucal. É produzida principalmente por três 
pares de glândulas: parótidas, submandibulares e sublinguais que secretam conjuntamente 
90 a 93% da saliva total. 
Os constituintes da saliva determinam propriedades lubrificantes, digestivas, de 
neutralização de ácidos e bases e de proteção contra a desmineralização do esmalte dental 
(Pannunzio et al., 2010). É sabido que alterações metabólicas podem influenciar a síntese, a 
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composição e secreção salivar. A mistura dos fluídos orais é conhecida como saliva total 
que, além dos constituintes de origem salivar, também contém fluido crevicular, células 
sanguíneas, bactérias e os respectivos produtos, células epiteliais descamadas, vírus, 
fungos, restos alimentares e secreções provenientes do trato respiratório. Cerca de 99% da 
saliva produzida é composta por água e 1% por proteínas, moléculas orgânicas menores e 
eletrólitos. Esses elementos constituintes estão diretamente envolvidos não apenas nas 
funções protetoras como lubrificação e controle de microrganismos, mas também nas 
funções motoras para promover a mastigação, a deglutição e a fala (Sreebny et al., 1992; 
Nicolau, 2009). A coleta de saliva para fins de diagnóstico tem sido um método cada vez 
mais empregado, uma vez que consiste numa forma não invasiva de obter dados que podem 
predizer a saúde do indivíduo (Yoshizawa, 2013). Fatores como fluxo, pH e composição 
salivar podem estar relacionados com doenças sistêmicas (Koshimune et al., 2003; 
Tremblay et al., 2012; Pannuzio et al., 2010) e, portanto, são fontes de investigação que 
necessitam de dados na literatura para ajudar na prática  clínica dos profissionais de saúde.  
Outro importante aspecto relacionado à mastigação são as sensações de sabor 
que definem o paladar. Paladar é uma palavra que deriva do latim palatare que significa 
sabor, gosto. Os botões gustativos ou corpúsculos gustativos estão dispersos aleatoriamente 
pelo dorso da língua, palato, epiglote, laringe e faringe transmitindo sinais carregados de 
qualidade e intensidade e podendo detectar quatro gostos primários: doce, ácido, salgado e 
amargo (Paula et al., 2008). Os receptores de paladar participam sensorialmente do 
monitoramento da ingestão de alimento, juntamente com o olfato, o tato, e a temperatura, 
regulando o comportamento e a homeostase corporal. O paladar define ainda a ingestão de 
alimentos, bebidas e medicamentos. É importante salientar o papel da saliva na atividade 
gustativa, pois possui capacidade solvente, promove a solubilização do alimento e atua 
como meio de transporte das moléculas gustativas aos receptores (Kina et al., 1998). 
Mastigação, saliva e paladar definem a função mastigatória. Presume-se que 
esta pode ter influência no estado nutricional de adultos. O estado nutricional expressa o 
grau no qual as necessidades fisiológicas por nutrientes são alcançadas para manter a 
composição e funções adequadas do organismo, resultando no equilíbrio entre ingestão e 
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necessidade de nutrientes (DeHoog, 1998). Pessoas com função mastigatória deficiente 
podem deglutir partículas grandes dos alimentos ou alterar a dieta, escolhendo alimentos 
industrializados mais macios e fáceis de serem mastigados, ao invés de alimentos naturais 
ricos em fibras e nutrientes (N´Gom, Woda, 2002;Walls et al., 2000). Função mastigatória 
prejudicada pode estar associada ao desenvolvimento de desordens nutricionais que 
incluem obesidade, hipertensão, má-nutrição, diabetes e deficiências imunológicas (Hung et 
al., 2003; Hugo et al., 2007; Tanumihardjo et al., 2007). A obesidade é uma doença crônica 
envolvendo fatores sociais, comportamentais, ambientais, culturais, metabólicos e 
genéticos. É caracterizada pelo desequilíbrio energético prolongado resultando em acúmulo 
de gordura corporal causado pela ingestão em excesso de calorias e/ou inatividade física 
(Bradley, 1981). A maior taxa de obesidade ocorre em populações com maior grau de 
pobreza e menor nível educacional (Monteiro et al., 2001; Sgan-Cohen & Mann, 2007). 
Pode-se explicar essa associação pela maior palatabilidade e pelo baixo custo de alimentos 
de grande densidade energética, como açúcar e gorduras (Drewnowski & Specter, 2004).  
O estado nutricional pode influenciar as medidas antropométricas do indivíduo. 
A antropometria é uma técnica desenvolvida no final do século XIX e consiste de medidas 
simples para quantificar diferenças na forma humana (Johson et al., 1985). É um método 
não invasivo de baixo custo e universalmente aplicável, disponível para avaliar o tamanho, 
proporções e composição do corpo humano (WHO, 1995). A antropometria permite a 
obtenção de muitas informações, porém peso, altura, as respectivas combinações e as 
pregas cutâneas são os métodos antropométricos mais utilizados em estudos 
epidemiológicos (de Onis et al., 2007). O índice de massa corporal ou corpórea (IMC) foi 
proposto na prática clínica há três décadas e tem sido considerado o melhor indicador da 
massa corporal no adulto (Gomes et al., 2010). O IMC é calculado pela divisão do valor da 
massa corporal em quilogramas pelo quadrado da estatura em metros (IMC = kg/m
2
). 
Outro aspecto importante da fisiologia oral consiste na qualidade do ar expirado 
pelos indivíduos, denominado de hálito. Na boca existem bactérias que atuam em restos 
alimentares e mucosa descamada produzindo gases que podem gerar mau odor. A geração 
destes gases é influenciada por vários fatores sendo a saburra lingual e bolsa periodontal as 
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principais fontes em relação ás bactérias. Boca seca é geralmente considerada como outro 
fator importante para o mau odor, porque o fluxo salivar diminuído enfraquece o 
mecanismo de limpeza normal (Koshimune et al., 2003). A quantidade, presença e tipos de 
gases podem estar associados a quadros de halitose. O termo halitose vem do latim halitus 
(ar expirado) acrescido do sufixo osis (alteração patológica) (Hine, 1957). A halitose 
consiste em uma condição do hálito na qual este se altera, de forma desagradável tanto para 
o indivíduo como para as pessoas com as quais ele se relaciona, podendo ou não significar 
uma condição patológica (Tárzia, 2003). 
Em sujeitos com queixa de halitose, sulfeto de hidrogênio (H2S), 
metilmercaptana (CH3SH) e dimetil sulfeto (CH3SCH3), coletivamente denominados 
Componentes Sulfurados Voláteis (CSV), são os gases frequentemente encontrados em 
valores acima do normal. O desenvolvimento de tecnologia capaz de mensurar os 
odorivetores do hálito representou considerável avanço no diagnóstico da halitose e na 
avaliação da eficácia dos tratamentos efetuados. 
Estudos em animais podem embasar a investigação de características 
observadas em ensaios clínicos. Tendo em vista a possível associação entre função 
mastigatória e relações antropométricas e destas com quadros de obesidades e doenças 
metabólicas estudos em modelo animal são viáveis.  
A presença de depósitos de tecido adiposo em glândula salivar (parótida) em 
humanos pode estar associada ao envelhecimento, a doenças metabólicas como o diabetes, 
a pacientes infectados com HIV e ainda em alguns casos apresentar caráter idiopático 
(Merlo et al., 2010; Kabenge et al., 2010; Garcia & Bussoloti 2013). Com a crescente 
prevalência de obesidade na população surge a preocupação em investigar o efeito da 
adipogênese nos diversos órgãos e sistemas do nosso corpo. O efeito da obesidade e 
alterações metabólicas ligadas a este processo em glândula salivar  é também um bom 
modelo para inferência sobre as demais glândulas do corpo. Em modelo animal é possível a 
reprodução de padrões alimentares e a utilização de fármacos que simulem a obesidade e a 
ativação de reações metabólicas que conduzam a patologias relacionadas a esta condição.   
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O tecido adiposo tem um papel importante na disponibilidade e demanda de 
nutrientes por armazenar as calorias em excesso e evitar a acumulação deste excesso em 
tecidos não-adiposos (Lelliott, e Vidal-Puig 2004). Ele também se comunica com órgãos 
metabolicamente relevantes através da secreção das chamadas adipocinas, como parte de 
um sistema endócrino dinâmico que regula a distribuição de nutrientes para os tecidos 
periféricos (Scherer, 2006). Outra molécula importante sinalizadora neste contexto consiste 
no alvo da rapamicina em mamíferos (mTOR). O mTor está relacionado em uma rede de 
sinalização nutrientes-hormonal que envolve respostas patológicas específicas, incluindo a 
obesidade, diabetes e câncer (Dann et al., 2007). Em adipócitos mTOR é ativado através de 
proliferadores de peroxissoma gamma  (PPAR-gamma) um importante receptor para a 
diferenciação de pré-adipócitos durante a adipogênese (Kim & Chen, 2004). Existe uma 
associação direta da obesidade com a atividade simpática e com a inflamação (Rader 2007). 
O objetivo deste estudo foi investigar a performance e habilidade mastigatória, 
o paladar e a possível relação destas com o padrão salivar, antropometria, e gênero em 
adultos jovens saudáveis. Investigou-se também nos mesmos sujeitos, a bioquímica e 
produção de CSV e a possível relação com IMC e características salivares. Por fim foram 
investigadas as alterações provocadas pela indução da adipogênese em glândula salivar em 
modelo animal. 
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ABSTRACT 
Mastication, saliva and taste are important predictors of oral health. The use of 
saliva on diagnosis has been increasing since is a non invasive diagnostic testing and can 
predict considerable about individual’s health. Purpose: the aim of this study was to 
investigate chewing and tasting and the possible relationship with salivary characteristics in 
young adults with good oral health. Furthermore, it was seek if the anthropometric 
measurements could be influencing factors on the analysed variables. Materials and 
methods: 171 subjects were selected (♀125, ♂46). Masticatory performance was evaluated 
with the sieve method. Masticatory ability was measuring using the VAS. For Taste it was 
used the drop test with four different flavors in three different concentrations. It was 
collected saliva unstimulated (Unst) and stimulated (Stim) for the flow evaluation. The 
antropometric variables were: Body Mass Index (BMI) and Waist Circumference (WC). 
Results: Chewing and salivary parameters were similar between genders. The independent 
variables studied could not predict the X 50. Masticatory ability was predict in 14% by the 
independent variables: BMI, WC and Gender. Taste could be predicted in 5% regarding 
BMI. Conclusion: Chewing, taste and salivary parameters were similar between genders in 
young and healthy subject.Masticatory performance was not related with salivary and 
anthropometric parameters in young healthy individuals. The ability was related with BMI, 
WC and gender and taste weakly related with BMI.  
Key words: Chewing. Saliva. Taste. Anthopometry. 
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INTRODUCTION 
The oral function regards about mastication, taste and saliva (Ikebe et al., 2002, 
Samnieng et al., 2012). Mastication is the initial step of the digestive process, which 
involves the mechanical and enzymatic action on the food. The food preferences can be 
associated with taste (Dressler et al., 2013). Taste buds are constantly bathed with saliva 
(Carpenter, 2013) that is indispensable to prepare food for digestion and swallowing and 
related to the important factors in regulating oral health, with respect to the volume 
produced and its constituents.  
The masticatory function can be objectively evaluated using comminution tests, 
which measure the individual capacity to break down foods into particles for a specific 
number of chewing cycles, determining the respective sizes of test food samples that have 
been chewed (van der Bilt and Fontijn-Tekamp, 2004; Sánchez-Ayala et al., 2014,). 
Another form to verify masticatory function is the subjective tests that measure the person’s 
own perception of the chewing, such as the ability test (Miura et al., 2005; Bradbury et al., 
2008). The ability to chew is an important aspect of oral health.  
Taste system is responsible for sensing and responding to the five basic taste 
qualities: sweet, sour, bitter, salty and umami. Each taste is detected by dedicated taste 
receptor cells on the tongue and palate epithelium (Barretto et al., 2014). Taste has been 
found to be one of the strongest general influences in food choice (Dressler et al., 2013). 
However, many factors are involved, such as: food preference, familiarity with food items, 
level of education, cultural habits cooking habits, health attitudes, weight concerns and 
dietary restraint, genetics, cost, availability, and advertising (Mela et al., 2001, van der 
Berg et al., 2013; Fischer et al., 2014;). Given that dietary patterns have been found to be 
related to body mass index (BMI) and body fat distribution, it is possible that taste is 
associated with changes in adiposity over time (Newby et al., 2003; Maskarinec et al., 
2000; Liu et al., 2009; Rumawas et al., 2009).  
Saliva is an important agent in oral physiology (Chiappin et al., 2007). The 
most of saliva is produced by three pars of major gland: parotid, submandibular and 
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sublingual, being the flow and the quality of saliva another important indicator of the oral 
health. Hyposalivation, defined as an objectively measured abnormal reduction in salivary 
flow can lead to dental diseases, such as caries, and to inflammatory conditions in the oral 
cavity (Flink et al., 2008). The use of saliva on diagnosis has been increasing since is a non 
invasive diagnostic testing. It is possible to find in saliva microbial, immunologic, and 
molecular biomarkers (Yoshizawa, 2013). Salivary constituents may be indicators of both 
local and systemic disorders.  
The BMI and waist Circumference (WC) are currently recommended by several 
guidelines (WHO 2000, 2007) to classify individual’s concerning their body mass The 
waist circumference is an important indicator of centralised fat distribution and has been 
shown to be a good predictor for abdominal adipose tissue (Janssen et al., 2002). Previous 
studies (Mathus-Vliegen et al., 2007, Östberg et al., 2012,) have pointed out the association 
between oral conditions and BMI. One important point in this association might be that 
poor oral health could lead to unbalanced food choice. and consequently, bad  nutrition. 
Studies also indicate poor oral health in obese people (Östberg et al., 2012).   
Considering the importance of chewing function and taste and the role of the 
saliva in the respective parameters, it is important to know if there are relationship among 
these variables in health young adults, and also if the body composition could be 
influencing factor, to form a base for further studies. There are previous data on related 
association among older individuals ( Ikebe et al., 2011) and children (de Morais Tureli et 
al.,  2010), but few about young  healthy adults. Thus, the aim of this study was to 
investigate chewing and tasting and the possible relationship with salivary flow rate in 
young adults with good oral health. Furthermore, it was seek if the anthropometric 
measurements could be influencing the analysed variables.  
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 MATERIALS AND METHODS 
Sample 
The study comprised a convenience sample consisted of 171 subjects aged from 
18 to 33 years (125 females, 46 males), selected from public or private Schools of Higher 
Education in Piracicaba, SP, Brazil. Thus, undergraduate and post graduate students 
participated, after have signed the informed consent. The study was approved by Ethics 
Committee of Piracicaba Dental School (Protocol number 110/2011).    
Clinical examination 
A clinical examination was performed to verify the normality of the oral 
tissues, the absence of tooth loss; occlusion was checked to ensure that all volunteers have a 
normal occlusion, i.e., first permanent molars in Angle’s Class 1, normal relationship of 
canines and overjet and overbite less or equal 3mm. inclusion criteria. The exclusion 
criteria were the use of dental appliances, systemic illness, smoking volunteers, and 
ingestion of medicines that could affect the central nervous system, muscular activity, or 
salivary secretion.  
Physical Evaluation 
The anthropometric measurements consisted of body weight (kg) and height 
(m) to determine Body Mass index (BMI) and waist circumference (cm).  
All measurements were made according to international standards (Gordon et 
al., 1991). Body weight and height were obtained using an anthropometric scale (110CH, 
Welmy, Santa Bárbara D’Oeste, SP, Brazil), with accuracy of 100g and a stadiometer 
accurate of 0.5 cm. BMI was calculated as: BMI=kg/m
2
. Furthermore, the World Health 
Organization cut-offs for BMI were used to classify the individuals in normal, underweight, 
overweight and obese (WHO 2000, 2007) (Chart 1): 
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Chart 1 - Cut-offs for BMI in accordance to WHO (2000, 2007) 
Underweight  <18.5 kg/m
2
 
Normal weight  From 18.5 kg/m
2
 to 24.9 kg/m
2
 
Overweight  >25 kg/m
2
  
Obesity  >30 kg/m
2
 
 
For the waist circumference measurement, it was used a flexible tape measure 
(ES4010, Sanny Anthropometric Tape 2.0 m, American Medical Brazil Ltda, São Paulo, 
Brazil) while the volunteers were in upright position. The tape was placed at the narrowest 
diameter between xiphoid process and iliac crest (Guerra et al., 2012). 
 
Chewing parameters 
 
Chewing was evaluated considering masticatory performance and ability, as 
follows: 
Masticatory Performance  
Masticatory performance was assessed by the determination of the individual 
capacity of fragmentation of a cheawable test material denominated Optocal (Slagter 1993), 
composed of: silicon OptosilR plus, 58.3%; toothpaste, 7.5%; Solid vaseline, 11.5%; 
Common powder of dental plaster, 10.2%; alginate powder - 4% catalyst paste - 20.8mg/g). 
The components were blended and placed in metal moulds with cubic compartments 
measuring 5.6mm, under mechanical pressure. The subjects received 17 cubes (3.6g), wich 
were chewed for 20 masticatory cycles, monitored visually by the examiner. The 
fragmented particles were then expelled from the oral cavity into plastic recipients covered 
with filter paper. After drying, the particles were weighed and passed trough a series of 10 
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granulometric sieves with meshes ranging from 0.71 to 5.60 mm, connected in decreasing 
order and closed with a metal base. The particles were placed in the frist sieve of the series 
and the set was maintained under vibration for 20 min. The particles retained on each sieve 
were removed and weighed on an analytical scale with a precision of 0.001g.The 
distribution of the particles by weight was described by a cumulative function (Rosim-
Ramler equation). The degree of fragmentation of the material is then given by the median 
particle size (x50), wich is the aperture of  theoretical sieve through 50% of the weight of 
the fragmented material could pass (van der Bilt 1994): 
QW(X)=1-2(X/X50)
b 
In this formula, QW is the weight fraction of particles with a size smaller than 
X. The variable “b” represents the size spread of the distribuition (broadness variable), 
reflecting the extent to which the particles are equally sized.
 
Masticatory Ability 
Self-perceived chewing ability consists of the individual's perception regarding 
the ability to grind food. This variable was measured with the Visual Analogue Scale 
(VAS) (Awad et al., 2003), which consists of a horizontal line, with the extremes 0 and 10 
corresponding to the classification "completely dissatisfied" (0 point) the "fully satisfied" 
(point 10). The question asked for the volunters was: "How satisfied are you with your 
ability to chew food?" (Bradbury et al., 2008). Then, the volunteer make a mark on the line 
in the correspondent point for his/her satisfaction. 
Taste 
For the evaluation of flavours thresholds it was used a modified methodology 
proposed by Mueller et al. (2003). Four liquid solutions were used in three different 
concentrations: sweet, 0.2, 0.1, 0.05 g/ml of sucrose; sour, 0.165, 0.09, 0.05 g/ml of citric 
acid; salty, 0.1, 0.04, 0.016 g/ml of sodium chloride; bitter, 0.0024, 0.0009, 0.0004 g/ml of 
quininehydrochloride. Two drops of liquid were placed on the middle of the tongue at a 
distance of approximately 1.5 cm from the tip using a dropper; the subjects were allowed to 
close the mouth. The sequence of administration was randomized across trials. The trials 
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had four different possibilities (A1, A2, B1 and B2). The participant chosen for each test 
one of four options: sweet, salty, bitter or acid (sour); there was no limit time for the test. 
The tests started with the lowest concentration. The subjects’ task was to identify the 
correct taste. Then the mouth was rinsed with a sip of tap water. For each correct taste, it 
was attributes the value “1”. The result for the entire test was the sum of the results for 
individual taste qualities (range 0 to 12).   
 
Salivary characteristics 
 
The following parameters were considered: Stimulated and unstimulated salivary flow rate.  
Saliva Collection  
Stimulated and unstimulated saliva were collected in the morning, with all 
subjects asked to refrain from eating, drinking or brushing their teeth for 2 h at least before 
collection. Subjects were comfortably seated and after a few minutes of relaxation, they 
rinsed their mouth with distilled water. For the unstimulated saliva they were asked to 
avoid swallowing saliva and to lean forward and spit all the saliva produced for five 
minutes into a cooled tube, through a glass funnel. After that, stimulated saliva was 
collected by chewing 0.3 g of an inert and tasteless material (Parafilm, Merifeld, EUA), 
approximately 70 cycles/min. Stimulated and unstimulated flow rates were defined as the 
weight of saliva secreted per min (g/min).  
 
Statistics 
The collected data were analyzed using SPSS software (SPSS 21.0 Inc., Chicago, IL, 
USA). It was used the descriptive statistic for all variables, consisting of means, medians, 
standard and interquartile deviation and frequency. The normality of the data was checked 
by Shapiro-Wilk Test. The data between males and females were compared by t test, Mann 
Whietney and Wilcoxon tests. Chi-squared or Fisher exact test was applied to compare 
proportions among groups and Spearman coefficients were determined to correlate  
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chewing variables, taste and salivary parameters, as well as, unstimulated and stimulate 
salivary flow rate. Furthermore, to verify the possible associated factors on chewing 
parameters and taste, three models for multiple linear regression analyses were built. Thus, 
masticatory performance, ability, and taste entered into the models as dependent variables 
and age, gender, BMI, waist circumference, non-stimulated and stimulated salivary flow 
rate, as the independent ones. First it was performed a univariate analysis between the 
dependent variable and independent one. Only variables with p≤0.20 for the univariate 
linear regression were kept in the multivariable models as potential confounders. A 
significance level of 5% was adopted. 
 
RESULTS 
The sample characteristics are demonstrated in Table 1. The number of females 
was significantly higher than males. In relation to anthropometry, it was observed that the 
proportion of underweight females was significantly higher than males, whereas the 
respective proportion of obese males was greater. The anthropometric variables, BMI and 
waist circumference, were significantly higher for males, as expected. Chewing, taste and 
salivary parameters were similar between genders. 
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Table 1 – Sample characteristics 
  
 ♂ ♀ Total  
     
Gender  46 (26.90%) 125 (73.10%) 171 (100%) P<0.0001 (χ
2
) 
Age (years) 
Mean±SD 23.46±4.10 23.89±4.87 23.77±4.67 
P=0.76 (t test) 
Median[ID] 22.50[5.75] 23.00[6.00] 23.00[6] 
BMI 
Mean±SD 24.80±4.96 22.04±3.85 22.78±4.34 
P=0.0002 (t 
test) Median[ID] 23.83[4.97] 21.30[4.48] 22.00[5] 
Waist (cm) 
Mean±SD 85.76±11.88 73.28±8.79 76.64±11.16 P<0.0001 
(Mann Whitney) Median[ID] 83.50[9.00] 72.00[11.00] 75.00[13.25] 
Chewing and 
taste 
parameters 
X50 (mm) 
Mean±SD 3.45±0.57 3.46±0.75 3.46±0.70 P=0.93 (t test) 
Median[ID] 3.42[0.87] 3.38[0.83] 3.39[0.87]  
Ability 
Mean±SD 8.26±1.39 7.83±1.43 7.94±1.43 
P=0.079 (t test) 
Median[ID] 8.00[1.75] 8.00[2] 8.0[2] 
Taste 
Mean±SD 11.30±1.07 11.30±1.27 11.30±1.22 P=0.99 (t test) 
Median[ID] 12.00[1] 12.00[1] 12.00[1]  
Unstimulated 
saliva   
Flow rate  
(g/min) 
Mean±SD 0.80±0.37  0.76±0.29  0.77±031 P=0.51 ( t test) 
Median[ID] 0.75[0.40] 0.73[0.36] 0.73[0.39]  
Stimulated 
saliva   
Flow rate  
(g/min) 
Mean±SD 1.54±0.52 1.52±0.74 1.52±0.69 P=0.84 (t test) 
Median[ID] 1.55[0.70] 1.42[0.54] 1.42[0.59]  
Anthropometry 
Underweight n (%) 2 (9.10) 20 (90.90) 22 (100) 0.043 (Fisher) 
Normal weight n (%) 24 (22.42) 83 (77.57) 107 (100) 0.127 (χ2) 
Overweight n (%) 13 (43.33) 17 (56.66) 30 (100) 0.063 (χ2) 
Obese n (%) 7 (58.33) 5 (41.66) 12 (100) 0.018 (Fisher) 
Flow rate - ♂ n= 42; ♀ n=124 (saliva samples of 5 individuals were missed) 
SD – standard deviation 
ID – interquartile deviation 
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The correlations between the chewing variables, taste, and salivary parameters 
were not significant. The correlation among salivary flow unstimulated and stimulated was 
significant r=0.54 p<0.01 (Table 2). 
 
Table 2 – Matrix of correlation for chewing variables, taste and salivary parameters 
n=171 x50 Ability Taste Flow Unst Flow Stim 
Ability -0.08 ___    
Taste -0.05 -0.06 ___   
Unst Flow  0.03 -0.05 0.05 ___  
Stim Flow  0.05 -0.28 -0.09 0.54** ___ 
**P<0.01 
 
The comparisons of chewing parameters and taste in accordance to 
anthropometric status showed no significant differences, as well as the salivary flow rate. 
Since there was a significant correlation between stimulated and unstimulated salivary flow 
for the whole sample (Table 2), the respective correlations were verified in each 
anthropometric group. For obese group the stimulated flow rate did not correlate with the 
unstimulated one, whereas for the other three groups the coefficients were significant. 
Moreover, the flow rate did not present statistically significant difference between males 
and females for all groups (Table 3). 
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Table 3 - Descriptive statistics for salivary analysis of the studied groups (mean±SD) 
 Underweight Normal-weight Overweight Obese 
 ♂ ♀ Total ♂ ♀ Total ♂ ♀ Total ♂ ♀ Total 
Unst Flow 
(g/min) 
0.76 
±0.56 
0.68 
±0.22 
0.70 
±0.28 
0.80 
±0.36 
0.78 
±0.30 
0.75 
±0.42 
0.86 
±0.41 
0.76 
±0.32 
0.69 
±0.44 
0.70 
±0.18 
0.53 
±0.20 
0.62 
±0.20 
             
Stim Flow 
(g/min) 
1.28 
±0.26 
1.37 
±0.60 
1.38 
±0.57 
1.49 
±0.49 
1.56 
±0.82 
1.42 
±0.62 
1.58 
±0.61 
1.47 
±0.45 
1.51 
±0.70 
1.77 
±0.43 
1.34 
±0.24 
1.57 
±0.44 
             
Stim x Unst 
Flow  
r=0.42* P=0.02 r=0.60* P=0.00 r=0.66* P=0.00 r=0.13 P=0.69 
*Pearson/Spearman coefficients P<0.05* 
Flow unst –unstimulated salivary flow rate 
Flow stim - stimulated salivary flow rate 
t test/Mann Whitney between males and females for each group P >0.05 
 
 
 
The results of univariate analysis showed that the masticatory performance was 
not predicted by the independent variables. Gender, age, BMI and waist were eligible for 
multiple regression for the dependent “ability”, whereas for taste, the variables BMI and 
waist were eligible for multiple regression (Table 4). For ability, the multiple model was 
significant and the independent predict variables were: gender, BMI, and waist (Table 5). 
For taste, the model was also significant and the predictor was BMI (Table 6).  
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Table 4 – Univariate analysis for chewing parameters 
Dependent X50 Ability Taste 
 r Adj. r
2 
P r Adj. r
2 
P r Adj. r
2 
P 
Independent          
Gender 0.006 -0.006 0.942 0.127 0.010 0.098 0 -0.006 0.999 
Age 0.113 0.007 0.142 0.205 0.036 0.007 0.075 0 0.327 
BMI 0.037 -0.005 0.629 0.179 0.026 0.019 0.216 0.041 0.005 
Waist  0.023 -0.005 0.771 0.185 0.029 0.016 0.147 0.016 0.056 
Unst Flow  0.130 -0.006 0.864 0.051 -0.004 0.516 0.082 0.001 0.293 
Stim Flow  0.003 -0.006 0.965 0.030 -0.005 0.704 0.006 -0.006 0.936 
BMI – body mass index 
Flow unst –unstimulated salivary flow rate 
Flow stim - stimulated salivary flow rate 
Adj. r2 – adjusted r2 
  
Table 5 – Multiple linear regression analysis for ability 
Independent variable ß SE b P value 
Constant - 1.083 13.884 <0.001 
Gender -0.407 0.289 -1.265 <0.001 
Age -0.084 0.021 -0.024 0.257 
BMI 0.577 0.058 0.190 0.001 
Waist  -0.896 0.025 -0.114 <0.001 
Dependent variable: ability. 
ß signifies an unstandardized partial regression coefficient. 
b signifies a standardized partial regression coefficient, which indicates the relative importance of each variable. 
Multiple R = 0.40, adjusted R2 = 0.14, P=0.00. 
Gender: female = 1, male = 0. 
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Table 6 – Multiple linear regression analysis for taste 
Independent variable ß SE b P value 
Constant - 0.675 12.090 <0.001 
BMI -0.441 0.049 -0.128 0.010 
Waist  0.248 0.019 0.028 0.144 
Dependent variable: taste. 
ß signifies an unstandardized partial regression coefficient. 
b signifies a standardized partial regression coefficient, which indicates the relative importance of each variable. 
Multiple R = 0.24, adjusted R2 = 0.049, P=0.006. 
BMI – body mass index 
 
 
DISCUSSION 
The aim of this study was to investigate chewing and tasting and the possible 
relationship with salivary characteristics in young adults with good oral health. 
Furthermore, it was seek if the anthropometric measurements could be influencing factors 
on the analysed variables. For this, the sample was composed of young adults with good 
oral health to better understand some aspects of oral physiology. Thus, the volunteers were 
young and dentate. It was observed a greater number of females, but the age was similar 
between genders. The anthropometric measurements were higher for males, as expected.  
Masticatory performance was evaluated by the sieve method, which is 
considered as standard for the evaluation of the masticatory function (Oliveira Jr. et al., 
2014). The median X50 values found in the present study can be considered good, agreeing 
with previous study (van der Bilt and Fontijn-Tekamp, 2004). Sanchez-Ayala et al. 
observed that subjects with better masticatory performance presented X50 values less or 
equal than 3.77 mm, which were dependent on chewing rate, i.e., better performers 
presented a slower chewing rate. Despite the chewing rate was not controlled in the present 
study, whereas the number of cycles were, the values found for X50 could infer that the 
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subjects performed the chewing tasks well. Moreover, since the masticatory performance is 
mainly determined by the number of teeth in occlusion, the standardized oral characteristics 
of the sample, such as presence of all teeth and a good occlusion, could be considered 
influencing factors. The respective X50 values were similar between genders, as found by 
others (Ikebe et al., 2006; van der Bilt & Fontijn-Tekamp, 2004). The occlusal force has 
been considered an important factor on masticatory performance, and females have 
presented lower values than males; during chewing they might compensate for their low 
muscle strength by increased coordination of other motor and sensory functions (Ikebe et 
al., 2011). Nevertheless, distinct findings between genders are not clearly stated, since 
some studies have found better performance for males (Julien et al., 1996; Shiga et al., 
2012). 
The masticatory ability values could express that the volunteers have rated the 
ability confidently. This fact could be also explained by their good oral conditions and 
presence of all teeth, corroborating Zhang et al. (2013), who verified that chewing ability 
was strongly associated with dental conditions, adding the fact that subjects with tooth 
replacement showed higher chance for chewing problems. Moreover, it has been observed 
that most dentate people are satisfied with their chewing ability, but satisfaction can change 
over time, both in the direction of improvement and in deterioration (Meng & Gilbert, 
2007). In this context, it must be taken into account the cross-sectional design of the present 
study, since the self-perception of chewing can be differently perceived over-time, because 
satisfaction with chewing ability is not dependent only of oral conditions, but it is a 
complex measure that involves broad physical, social and psychological components 
(Meng & Gilbert, 2007). 
Interesting to note that, although masticatory performance and ability presented 
values indicating adequate masticatory function, the respective correlation was not 
significant, probably due the nature of the tests. Functional tests, such as the comminution, 
more directly estimate an individual’s mechanical chewing function, since is based on 
objective parameters, but may not correlate well with a person’s own perception (Meng & 
Gilbert, 2007).  
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In relation to taste, it was observed that subjects distinguished the flavours and 
the respective concentration very well, since the ceiling effect was large and floor effect did 
not occur. Ceiling effects exist when a score reaches a maximum extreme, while floor 
effects exist when a score reaches a minimum extreme. Only a female presented a score 
“3”, meaning taste hyposensitivity and other a score “6”, meaning moderate taste 
hyposensitivity. The others rated above “8”. Ohnuki et al. (2012) verified in students aged 
15–18 years no significant differences in taste hyposensitivity between genders, as well as 
no association with oral health conditions. In addition, it has been reported that the changes 
in taste are related to oral health status such as dry mouth, tongue coating and taste buds 
destruction or loss in the elderly (Bromley, 2000). 
Taste was not also correlated with chewing parameters. As commented above, 
the nature of the tests could be the influencing factors. The characteristics of masticatory 
performance, as a mechanical method, and the evaluation of chewing self-perception 
distingue from taste perception, since it can be influenced by dietary behavior, nutrition and 
systemic health (Imoscopi et al., 2012; Aliani et al., 2013). The taste method applied is 
considered efficient in screening taste perception for a large sample, since the people are 
able to recognize their own taste sensitivity in a short time (Ohnuki et al., 2014). Although 
the studied individuals could discriminate the favours well, it is important to incorporate 
the broader biological and sociological aspects of eating habits and taste sensations in diet 
choice in further studies of taste, as suggested by Ohnuki et al. (2104). 
In the present study the unstimulated and stimulated salivary flow rates were 
similar among males and females, corroborating Smith et al. (2013) who observed that the 
effect of sex was not significant for whole stimulated saliva. Nevertheless, Yamamoto et al. 
(2009) affirmed that whole saliva flow rate from an individual should only be compared 
with the data from the group of the same gender. The different findings might be explained 
by the differences in the methodology, such as the period of saliva collection and the type 
of the stimulus. Furthermore, flow rate increased significantly from unstimulated to 
stimulated saliva for the whole sample, as expected and previously found (Gavião & van 
der Bilt, 2004).  
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It was expected to find a correlation between salivary flow rate and chewing 
and taste parameters, since saliva is an important agent in oral physiology (Chiappin et al., 
2007), but the respective coefficients were very low. It is known that a sufficient amount of 
saliva is essential for mastication. Nevertheless, the present findings showed a small 
influence of salivary flow rate on masticatory performance in healthy people. These results 
are similar to Ikebe et al. (2011), who observed that the amount of salivary flow had only a 
small influence on masticatory performance in healthy older adults, but they found a 
significant correlation in people without posterior occlusal support (Ikebe et al., 2012). In 
relation to chewing ability and taste, the lack of correlation could be explained by the 
normal values of stimulated and unstimulated salivary flow rate found, the satisfaction with 
chewing ability and good taste perception. Thus, the oral health of the sample can explain 
the lack of correlation between the cited parameters.  
It has been observed that oral conditions can be associated with anthropometric 
measurements (Benguigui et al., 2012; Ostberg et al., 2012). Thus, it was considered of 
importance to observe if the anthropometric measures of the sample could be associated 
with chewing parameters, taste and flow salivary rate. In this context, since high BMI has 
been considered associate with hyposalivation (Saito 2009), the salivary flow rate was 
correlated among the four anthropometric status. The findings showed that only the obese 
subjects did not correlate the unstimulated flow with the rate after the mechanical 
stimulation. However, these finding should be interpreted with caution due the reduced 
number of obese individuals, despite for total sample the correlation was significant. 
The univariate analysis showed that the masticatory performance was not 
associated with the independent variables, thus the multiple model could not be built.  In 
relation to gender, it was already commented the lack of high evidence about gender 
differences. In relation to age, it is possible to infer that the age range was not enough large 
to determine differences, summed to the good oral conditions. Moreover, the 
anthropometric variables did not also associate with masticatory performance, as previously 
found (Ikebe et al., 2006). Frecka et al. (2008) did not find differences in masticatory 
performance between lean and obese individuals and have considered that the physical 
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form of foods as well as an individuals' appetitive state may have a greater influence on 
masticatory behavior. Furthermore, salivary flow rate had no effect on masticatory 
performance. In older adults, Ikebe et al. (2011) observed the linear regression analysis 
determined that the stimulated salivary flow rate had significant but weak association with 
masticatory performance. Chewing depends of a sufficient amount of saliva, but the present 
findings put forward that the amount of salivary flow has no influence on masticatory 
performance in healthy young adults. 
Gender and anthropometric measurements could explain 14% of masticatory 
ability. In this way, these results are similar to Östberg et al 2012, considering that 
masticatory ability may have others factors like: physical, social and psychological that 
could better understand the behaviour of this variable among individuals. The gender 
presented a negative relation, which indicates that males perceived chewing better. This 
may be due the fact that women are usually more worried about their healthy and might be 
more critical in evaluating this. However, this finding should be interpreted with caution 
due the majority of females in the sample.  
According to the results of the third regression model the BMI and waist 
circumference could explain only 5% of taste. Donaldson et al. (2009) argue that taste is 
only one factor in the complex causes of obesity and overweight, which may be relatively 
insignificant, corroborating the present results. Obesity has been linked with diets 
containing high levels of fat and sugar what may have implications of taste conditions 
(Simchem et al., 2006; Bartoshuk et al. 2006). 
Finally, it is possible to infer that in health young individuals the chewing 
function and taste were considered adequate. Moreover, the salivary flow rate was normal 
for all subjects, probably determining the proper functions, despite no association was seen. 
The anthropometric variables had little influence on the studied variables. Nevertheless, 
some limitation must be pointed out, such as the greater number of females, the non-
randomised sampling, determining that the results should be interpreted with caution for 
other population, despite that all clinical data have been collected under standardised 
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conditions. Moreover, the cross-sectional characteristic of this study does not allow 
suppositions of causal relationships. 
 
CONCLUSION 
Masticatory performance was not related with salivary and anthropometric 
parameters in young healthy individuals. The ability was related with BMI, WC and gender 
and taste weakly related with BMI. Chewing, taste and salivary parameters were similar 
between genders in young healthy individuals. The correlations between the chewing 
variables, taste, and salivary parameters were not significant in this type of sample. The 
flow rate did not present statistically significant difference between males and females for 
the anthropometric groups. 
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Capítulo 2  
Salivary characteristics and volatile sulphur compounds concentrations in young 
healthy individuals 
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ABSTRACT 
 
Salivary characteristics can provide information about the individual's health. 
Alterations concerning salivary flow rate, pH and salivary composition can be linked with 
many oral and systemic diseases. Volatile sulphur compounds (VSCs) are the main 
contributors for halitosis condition. Purpose: The aim of this study was verify salivary 
biochemical composition and salivary flow and pH in young healthy adults and the possible 
interference of BMI on them. Furthermore, it was verified also the concentrations of VSCs 
and their potential relation with salivary parameters and anthropometric standards. 
Materials and Methods: Unstimulated (Unst) and stimulated (Stim) saliva were collected 
for the flow and pH evaluation. The concentrations of total protein, amylase, urea, 
phosphate, and calcium were evaluated in 170 volunteers (46♂ 125♀). The body mass 
index (BMI) was calculated for the sample distribution into anthropometric groups. For the 
verification of VSC, 71 volunteers (14♂ 57♀) were assessed using the Oral ChromeTM 
device. For the statistics analyses it was used descriptive testes, Spearman or Pearson 
coefficients to correlate critical values of VSCs and the salivary flow and pH. Comparison 
tests were applied to compare the salivary flow and pH among anthropometric groups, 
salivary flow and pH between Stim and Unst salivary and the biochemical components of 
saliva among groups Results: The salivary biochemical was similar in respect of 
anthropometry. However, the concentrations differed significantly between Unst and Stim 
saliva, with the exception of amylase. The flow and pH had a similar behaviour among 
anthropometric groups. The sample presented similar amounts of CSV in relation to BMI. 
In individuals with critical values of methylmercaptan (CH3SH) it was observed a 
significant correlation (r = 0:51) with Unst pH. Conclusion: Salivary biochemical and VSC 
exhibit similar behaviour in relation to anthropometric groups in healthy young adults. The 
salivary flow and pH increase values from Unst to Stim saliva for all studied groups. 
CH3SH values above the normal limit concentration were correlated to unstimulated pH. 
 
Key words: Saliva. Anthropometric. Halitosis. 
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INTRODUCTION 
Salivary characteristics may give many clues about the individual's general 
health. Factors like flow rate, pH and composition have been studied and alterations 
concerning them can be linked with many systemic and oral diseases (Prasanthi et al., 
2014). Saliva plays a very important role in oral health, due to its properties, such as 
lubrication, clearance of unwanted substances, digestion, neutralization of acids or bases, 
protection against demineralization and also an antimicrobial role (Pannunzio et al., 2010). 
 Salivary flow is a continuous process that is upregulated by a reflex mostly 
stimulated by taste and chewing foods, which stimulates the receptors in the periodontal 
ligament to increase the flow rate (Siqueira & Dawes, 2011). Saliva contains three buffer 
systems: carbonate, phosphate and protein buffers (Cheaib & Lussi, 2013). The pH of 
saliva reflects the important capacity of buffering and neutralizing the acids produced by 
cariogenic organisms or introduced directly through diet (Animireddy et al., 2014). The 
saliva pH can be linked to gastroesophageal reflux (Costa et al., 2005), predictive risk 
factor for dental erosion (Rees et al., 2005) and post-menopausal period (Tremblay et al., 
2012). 
The study of salivary biochemical characteristics can reveal its rich 
composition. Saliva is composed of variety of electrolytes, immunoglobulins, proteins, 
enzymes, mucins and nitrogenous products. Calcium, phosphate and proteins work together 
as ant solubility factor which modulate demineralization and remineralisation (Prasanthi et 
al., 2014). Macromolecule proteins and mucins serve to cleanse, aggregate and/or attach 
oral microorganisms and contribute to dental plaque metabolism. Salivary amylase is a 
good indicator of the function of salivary glands since is synthesized primarily in the acinar 
cells and also has been proposed as a marker for stress-induced activity of the sympathetic 
nervous system (SNS) (Rohleder et al., 2006). Amylase is the single most abundant protein 
in saliva and is important in the dissolution of food particles stuck on teeth and the 
reduction of the availability of substrates for microbial growth (Carpenter, 2013). 
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The decrease of salivary flow rate can stimulate the production of (VSC) 
(Koshimune et al., 2003; Pham, 2013). VSCs originate from the bacterial metabolism of 
amino acids in materials such as food debris, desquamated cells from oral mucosa, and 
leukocytes that accumulate in the oral cavity (Kleinberg et al., 1990; Morita et al., 2001). 
Hydrogen sulfide (H2S), methyl mercaptan (CH3SH), and dimethyl sulfide (CH3)2S are the 
main volatile sulphur compounds (VSCs) found in exhaled air of patients with halitosis 
(Yaegaki et al., 2012, Lima et al., 2013). In this context, halitosis reflects a very unpleasant 
symptom, frequently causing restriction of social interaction and decreasing quality-of-life. 
Moreover, it must be considered that this condition is multifactorial in etiology, but most of 
the causes are related to the oral cavity (Miyasaki et al. 1995). Furthermore, body mass 
index (BMI) was found to be a predictor factor for halitosis, since high BMI has been 
associated with many diseases, which can decrease the salivary flow, causing dry mouth 
that is a risk for halitosis (Haslam et al., 2006; Rosenberg, et al., 2007). However the data 
about this relationship is scarce. 
The diagnostic of Halitosis is difficult (Tarzia 2003) and it may be assessed by 
different methodologies such as: Organoleptic assessment (Greenman et al., 2014), with the 
use of Halimeter (Evirgen et al., 2013, Calil et al., 2006) and Oral ChromaTM (Salako et 
al., 2011). van den Velde et al., 2009 and Saad et al., 2011 measured VSC by Halimeter®, 
Oral ChromaTM, and organoleptic score and observed that the correlations between the 
three methods of breath measurement were high. 
Different body profiles of individuals could result in different salivary 
characteristics (Yamamoto et al., 2009, Inoue et al., 2006). This correlation is not yet well 
understood, and the studies pointed for controversial results. Some authors pointed that 
high BMI has been considered associate with hyposalivation (Saito 2009), while others 
affirm that Since obesity, a chronic disease, has become a global epidemic is important to 
clarify the effect of body profile in oral characteristics. 
Regarding the importance of relationship between salivary characteristics and 
body variables, the purpose of this research was to examine the salivary biochemical 
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composition, flow, and pH in young healthy adults and its possible association with BMI, 
and also investigate concentrations of VSC and its potential relation with salivary 
parameters and anthropometric standards. 
 
MATERIALS AND METHODS 
A convenience sample, composed of undergraduate and post-graduate students 
of both genders, age range 18-33 years, was selected in public and private superior schools 
of higher education in Piracicaba, SP, Brazil. All volunteers signed the informed consent. 
The study was approved by Ethics Committee of Piracicaba Dental School (Protocol 
number 110/2011). 
The study of salivary characteristics consisted of 171 volunteers of both 
genders (125♀, 46 ♂) (for more details, see Chapter 1). From this sample 71(57♀, 14 ♂) 
obeyed the inclusion criteria of CSV test and were selected for this evaluation. The loss of 
100 volunteers was due the restricted protocol to follow to perform the VSCs test and also 
some subjects refused to join this part of the research.  
The procedures for sample selection, the inclusion and exclusion criteria, the 
clinical and physical examination and saliva collection were previously described (Chapter 
1). Briefly, a clinical oral examination was carried out to detect the normality of the oral 
tissues and occlusion, presence of all teeth, except third molars. The use of dental 
appliances, systemic illness, smoking, and ingestion of medicines that could affect the 
central nervous system or salivary secretion, composed the exclusion criteria.  
Physical evaluation (Gordon et al., 1991) consisted of body weight (kg) and 
height (m). Further, the Body Mass Index (BMI) (kg/m2) was calculated. The World Health 
Organization cut-offs for BMI were used to classify the adults individuals in normal (BMI 
from 18.5 kg/m
2
 to 24.9 kg/m
2
), underweight (BMI<18.5 kg/m
2
), overweight (BMI>25 
kg/m
2
) and obese (BMI>30 kg/m
2
) (WHO, 2007). 
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Unstimulated (Unst) and Stimulated (Stim) saliva (g/min) were collected in the 
morning, with all volunteers refrained from eating, drinking or brushing their teeth for 2 h 
at least before collection. Volunteers were seated and rinsed their mouth with distilled 
water. For Unst saliva, they spit all the saliva produced for five minutes into a cooled tube, 
through a glass funnel. Stim saliva was collected by chewing 0.3 g of an inert and tasteless 
material (Parafilm, Merifeld, EUA), approximately 70 cycles/min. 
Saliva pH was determined immediately after collection, using a pHmeter (Orion 
3 Star Benchtop, Thermo Electron Corporation, MA, USA). The samples were centrifuged 
at 3500 rpm for 10 min, fractionated and frozen (-80ºC). 
Biochemical salivary composition 
Biochemical analyses were performed in duplicate by automated technique 
using Flexor E6002-190 Automated Clinical Chemistry Analyser (Vital Scientific, Dieren, 
Switzerland), at the Clinical Analyses Laboratory of ABC Medical School (Santo André, 
SP, Brazil). Urea and amylase concentrations were measured using enzymatic methods; 
amylase was measured in diluted saliva 1:25. Total protein, phosphate and calcium 
concentrations were determined by colorimetric methods (ELI Tech, Seppim S.A., SEES, 
France). The standard to calibrate the parameters used in the automated system followed 
the ones described by de Campos et al. (2014). 
VSC measurements 
Measurements were recorded between 8:00 and 11:00 a.m. The inclusion 
criteria for this analyse was: the volunteers must have to avoid using any oral rinse or 
breath freshener for one week before the experiment day; to avoid eating spicy foods or 
those containing onion or garlic 24 h before the experiment, perform oral hygiene (tooth 
brushing, inter dental and tongue cleaning) for the previous 2 h, eat and drink for the 
previous 2 h, and not use perfume or cosmetic fragrance in the morning of examination. 
A portable gas chromatograph (Oral ChromaTM; Abilit Corporation Osaka, 
Japan) which measures the concentration of H2S, CH3SH, and (CH3)2S, was used. The 
volunteers had to close their mouth for one minute before sample collection. Samples were 
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collected with the use of disposable syringes (all-plastic syringes, 1 ml). A syringe was 
inserted into the volunteer’s oral cavity, and 0.5 ml of mouth air was then injected into the 
measuring device. After 8 min, the process was completed and the concentrations of three 
gases were displayed in ppb. 
The cut-offs of VSC according to Oral ChromaTM instrument manual are: 
− H2S ≥112ppb 
− CH3SH  ≥26ppb 
− (CH3)2SH >8 ppb  
 
Statistics 
The collected data were analyzed using SPSS software (SPSS 21.0 Inc., 
Chicago, IL, USA) applying the descriptive statistics, Shapiro-Wilk Test to verify data 
distribution, Spearman or Pearson coefficients to correlate critical values of VSC and the 
salivary flow and pH. Moreover, comparison tests were applied to compare the salivary 
flow and pH among anthropometric groups, salivary flow and pH between Stim and Unst 
salivary and the biochemical components of saliva among groups. The data of overweight 
and obese groups were pulled to increase the power of the tests.  
 
RESULTS 
 
Comparison between groups showed that the underweight, normal and 
overweight/obese presented similar values regarding Unst and Stim flow and pH. However 
the Stim flow was higher when compared with the Unst one for all groups. 
 
 
 
Table 1- Descriptive statistics in accordance with the cut-offs for BMI 
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 n Gender Age BMI 
 
Unst 
flow 
(g/min) 
Stim 
Flow 
(g/min) 
Unst pH  Stim pH  
Underweight 22 20 ♀ 
2 ♂ 
22.52 
(3.31) 
18.00 
(0.75) 
0.70 † 
(0.28) 
1.38 † 
(0.57) 
6.86 * 
(0.30) 
7.33 * 
(0.22) 
Normal 107 83 ♀ 
24 ♂ 
22.00 
(6.00) 
21.30 
(3.0) 
0.75 † 
(0.42) 
1.42†  
(0.62) 
6.93* 
(0.45) 
7.26* 
(0.27) 
Overweight/Ob
ese 
42 22♀ 
20♂ 
24.00 
(8.00) 
26.79 
(5.32) 
0.69† 
(0.34) 
1.5† 
(0.37) 
6.9* 
(0.31) 
7.23* 
(0.37) 
Total 171 125♀ 
46 ♂ 
23 
(6) 
22  
(5) 
0.73 
(0.38) 
1.42 
(0.59) 
6.9 
(0.42) 
7.26 
(0.28) 
*Wilcoxon test between Unst (unstimulated) and Stim (Stimulated) pH (P<0.05) 
† Wilcoxon test between Unst (unstimulated) and Stim (Stimulated) flow (P<0.05) 
 
Salivary biochemical analysis showed that total protein, amylase, urea, 
phosphate, and calcium concentrations did not differ among groups (Table 2). However, the 
concentrations of total protein, urea, phosphate, and calcium were significantly lower for 
Stim than the Unst saliva. Amylase did not differ among Unst and Stim saliva. 
Table 2 - Descriptive statistics for salivary biochemical analysis for the studied groups 
[mean(SD)] 
 
 
 
Underweight Normal-weight Overweight/Obese 
 
Unst flow Stim flow Unst flow Stim flow Unst flow Stim flow 
Total protein 
(mg/dL) 
42.50
A
  
(31.85) 
35.30 
B
 
(28.15) 
45.00 
C
 
(32.33) 
40.37 
D 
(17.03) 
50.00
E
 
(24.12) 
34.20
F 
(19.61) 
Amylase (U/mL) 
1.70 
 (1.70) 
1.46 
 (1.62) 
1.55 
 (1.48) 
1.50  
(1.54) 
1.59 
 (1.90) 
1.46 
 (2.15) 
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Urea (mg/dL) 
23.99 
A
 
(8.9) 
14.00 
B
 
 (11.00) 
23.00 
C 
(13.50) 
17.00 
D
 
(10.00) 
24.66
E
 
(8.60) 
17.3
F
 
(6.8) 
Phosphate 
(mg/dL) 
13.08
A
 
 (8.32) 
11.29
B
 
(6.92) 
13.15 
C 
 (6.12) 
9.7 
D 
 (4.31) 
13.85
E
  
(4.25) 
11.03
F
 
 (4.02) 
Calcium (mg/dL) 
1.10
A
 
(1.20) 
0.50
B
 
(0.60) 
1.2 
C
  
(0.70) 
0.70 
D 
 (0.50) 
1.10
E
 
 (0.90) 
0.70
F
 
 (0.70) 
A≠B, C≠D, E≠F in the same line (P<0.05; paired t-test/Wilcoxon test). 
 
For the VSC analyses the number of volunteers was 71 (57♀ and 14 ♂). It was 
not found correlation between BMI and the studied gases. The mean age of collected 
sample was 24.73 (±4.9) years old and the mean BMI was 24.15. (±5.50)  From the total 
sample, 61% (n=44) present normal values for the H2S with the median value of 63.00ppb. 
For the CH3SH 78.9% (n=56) present normal values, and regarding the (CH3)2SH 63.39% 
(n=45) present values within the normality. For these last two gases the values founded are 
very low corroborating with the values given for subjects without complaining of halitosis. 
The correlation of critical values founded in the sample and salivary characteristics are 
represented in Table 3. 
Table 3 – Correlations between salivary flow rate, pH and VSC 
 
H2S≥112 ppb 
n=27 
CH3SH≥26ppb 
n=15 
(CH3)2SH≥8ppb 
n=26 
 
r P r P r P 
Unst Flow  -0.07      0.71 0.38              0.15 0.09              0.64 
Stim Flow  -0.06       0.77 0.42           0.11 -0.05       0.79 
Unst pH  0.01      0.94 0.51*         0.04* 0.19       0.36 
Stim pH  -0.06     0.75 0.45        0.08 0.10      0.60 
Unst - Unstimulated Saliva, Stim-Stimulated Saliva, *P<0.05 Spearman coefficient 
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DISCUSSION 
In this study it was collected Unst and Stim saliva because these two types of 
flow have different composition and properties reflecting altered contributions from each of 
the salivary glands. Such property is important to achieve the different functional 
requirements of immune exclusion and protection and food processing to swallowing 
(Proctor & Carpenter, 2014).    
According with our data salivary flow Unst and Stim did not differentiate 
among anthropometric groups. These results corroborate Powers et al. (1982) who did not 
find any difference in salivation patterns between obese and non-obese subjects. However, 
another authors observed that in young obese subjects salivary secretion was higher than in 
controls (Ono et al., 2007; de Oliveira et al., 1997). Differences in salivation between obese 
and non-obese subjects could result from a slow decrease in the sensory response to food in 
those subjects. An alternative hypothesis is that the differences in salivation between obese 
and non-obese subjects may be due to differences in craving or conditioned anticipatory 
responses to food (de Campos et al., 2014). Contradictory findings regarding salivary flow 
may be observed in the literature, probably due to differences in saliva collection 
techniques and the wide age span in those studies, which can limit direct comparisons. 
In this study, saliva pH did not show significant difference among groups; 
moreover, pH increased significantly from unstimulated to than stimulated saliva in all 
groups. Physiological pH range increases as the flow rate increases and vice versa, thereby 
maintaining a saliva pH within a range of minimum 5.71 for resting saliva to 7.80 for 
stimulated saliva in our data. 
Biochemical aspects of the unstimulated and stimulated saliva were compared 
among normal-weight, underweight, and overweight/obese young adults in the present 
study, and the concentrations of total protein, amylase, urea, phosphate, and calcium did not 
differ among them. Nevertheless, previous finding observed that in the overweight and 
obese groups of children a decrease in concentration of phosphate was observed, and in the 
obese group an increase in the concentrations protein occurred (Pannunzio et al., 2010). 
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Hartman et al. (2013) verify salivary phosphate accumulation in obese and overweight 
children. However these results were found in children that may hinder direct comparisons 
with our sapmle and these contradictory results may also be explained by the use of 
different methodologies.  
The present results showed that urea, phosphate, calcium, and total protein 
concentrations differed significantly between unstimulated and stimulated saliva in the all 
groups. All of these parameters decreased under chewing stimulation, when parotid glands 
have the major participation (Matsuo, 2000). According to Edgar et al. (2004), the increase 
in salivary flow leads to a decrease in the concentration of phosphate, which is 
compensated by the rise in pH. Alfa-amylase did not show difference between unstimulated 
and stimulated saliva samples in all groups. Salivary alfa-amylase is produced locally in the 
oral cavity by the salivary glands, being independent of flow rate and its levels in the oral 
fluids do not represent levels in the general circulation (Rohleder et al., 2006).  
Salivary composition presents a larger inter-subject variation (Golatowski et al., 
2013). Studies with higher number of non-normal weight are important to reveal some 
interesting differences in saliva among these individuals. 
Regarding the BMI, the concentration of the gases in our data presented a 
similar behaviour. Rosenberg et al. (2007) found a positive correlation between VSC and 
BMI. However the methodology used and the average of age were different which may 
limit direct comparison. Data is scarce about the relation among BMI and VSC which 
therefore justify investigation about this possible association. 
The concentration of VSC and the biochemical parameters of the saliva did not 
correlate in our sample. Sopapornamorn et al. (2007) find that in individuals without 
periodontal disease no correlation was found between VSC and total protein concentration 
as well as between salivary flow and VSC. Our sample consisted of young and healthy 
individuals what could suggest that in this group the BMI and the biochemical of saliva do 
not correlate with the VSC. In such subjects others factors like stress was seen as correlates 
with VSC and also the menstrual cycle for females (Lima et al., 2013). 
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A positive correlation was found between pH Unst and CH3SH in our results. 
McNamara et al. (1972) affirmed that pH regulator is an important factor in the formation 
of bad breath, the author affirms that the acidity inhibits the production of odours while 
neutrality and alkalinity favours the production. In our data the salivary flow did not 
correlate with the presence of VSC. Oho et al. (2001) reported that no significant difference 
in salivary flow rate was observed between the halitosis-positive group and halitosis-
negative group. However contradictory results are found when the salivary flow is 
extremely low (Koshimune et al., 2003) but in our sample with young and healthy subjects 
we did not have extremely salivary flow. 
 
CONCLUSION 
The salivary biochemical and CSV did not differentiate among anthropometric 
studied groups. The salivary flow and pH has a similar behavior among groups. The 
salivary flow and pH increase values from unstimulated to stimulated for all groups. 
Unstim and Stim salivary flows differentiate regarding the concentrations of: total protein, 
urea, calcium and phosphate but not Amylases. The concentration of CH3SH was 
significant correlated with unstimulated pH.  
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ABSTRACT 
Excessive nutrient intake promotes signalling through the mammalian target of 
rapamycin (mTOR), which, may lead to alterations of cellular metabolic signaling leading 
to insulin resistance and obesity related diseases. In adipocytes mTOR pathway is activated 
via  PPAR-gamma a important receptor for pre-adipocyte differentiation activation during 
adipogenesis. Purpose: investigate in an animal model the possible appearance of fat cells 
in salivary glands and its involvement with the normal physiology of the gland. Materials 
and Methods: In this study fat cells appearance was induced with high fat diet for one e 
two months (groups HF1 and HF2), and also directly stimulated via PPAR gamma receptor 
with rosiglitazone. Glands were collected and Tissue was prepared for western Blot, 
histochemical analyses and immunohistochemstry. Analyse of Microarray was performed 
on the effect of high fat diet. Phospho 4E-BP1 and Tyrosine hydroxylase antibodies were 
used as markers of mTOR and nerves activity respectively. Results: The microarray 
showed a significant number of gene changes (139 genes showed a greater than 2 fold up or 
down regulation out of a total of 21,000 genes analysed). Submandibular glands from mice 
submitted to high fat diet (group’s high fat 1 and 2) showed low or no expression of 
phosphorylated 4E-BP1.Immunoblotting showed large increases in Tyrosine hydroxylase in 
glandular homogenates of mice fed with high fat diet. In the rosiglitazone treated mice 
analysis of mTOR suggested activation. Analysis of the saliva from rosiglitazone mice in 
comparison to saliva from carbachol-injected control mice reveals a significantly greater 
amount of total protein. Conclusion: Fat deposition in salivary glands remains an enigma. 
High fat diets do induce some early changes to salivary glands; both the microarray and the 
tyrosine hydroylase suggest an increase in sympathetic innervations.  Longer administration 
of rosiglitazone could be interesting to see if may cause fat cells to develop.  
 
Key words: Adipogenesis. Salivary gland. Animal Model. 
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INTRODUCTION 
In the last decades the prevalence of obesity has significantly increased, often 
associated with metabolic disorders, including type 2 diabetes, dyslipidemia and 
cardiovascular diseases. There is emerging evidence that excessive nutrient intake promotes 
signalling through the mammalian target of rapamycin (mTOR), which, in turn, may lead to 
alterations of cellular metabolic signalling, leading to insulin resistance and obesity related 
diseases such as diabetes, cardiovascular and kidney disease, as well as cancer (Jia et al., 
2014; Robinson et al., 2014). 
 The mammalian target of rapamycin is a highly conserved serine/threonine 
protein kinase, which integrates cues from nutrients and growth factors, acting as a nexus 
point for cellular signals to control growth, metabolism and longevity. In normal 
circumstances, mTOR is switch on in some tissues, such as muscle and liver; it is normally 
inactive in salivary glands (Bozorgi et al. 2014).  In adipocytes mTOR pathway is activated 
via  PPAR-gamma- a important receptor for pre-adipocyte differentiation activation during 
adipogenesis (Kim & Chen, 2004). 
Peroxisome proliferator-activated receptors (PPARS) are members of the 
nuclear hormone receptor super family of transcription factors that can be activated by 
lipophilic ligands (Li et al., 2014). They are lipid sensors, which can markedly redirect 
metabolic cascades.  PPARγ regulates genes involve in the β-oxidative degradation of fatty 
acids, but also promotes adipocyte differentiation and glucose homeostasis (Hamakawa et 
al., 2008) It is a physiological receptor of the potent anti-diabetic drugs of 
thiazolidinediones (TZDs) class, including rosiglitazone (Avandia). However, TDZs have 
undesirable and severe side effects such as weight gain, fluid retention and cardiovascular 
dysfunctions (Choi et al., 2014). 
White adipose tissue (WAT) is responsible for monitoring circulating 
lipid/glucose levels. It has also direct postganglionic sympathetic innervations. This results 
in extensive sympathetic central efferent project from the forebrain, midbrain, and 
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hindbrain regions implicating therefore nerves in the control of energy balance (Murphy et 
al., 2013; Bartness et al., 2010). 
Previous studies have pointed out an association between obesity and oral 
pathologies (Nascimento et al., 2014; Karlsson et al., 2010; Prpić et al., 2013) but the 
changes that obesity and its molecular pathway induce in salivary glands are poorly 
understood. Fat deposits in salivary glands remain an enigma. In humans fat cells 
increasingly appear with age, in particular some diabetic and HIV patients and in some 
idiopathic conditions (Kabenge et al. 2010; Merlo et al., 2010; Garcia & Bussoloti, 2013). 
Thus the objective of this research was to investigate the effects adipogenic stimulus in 
salivary glands and whether they will induce the appearance of fat cells in salivary glands.   
 
MATERIALS AND METHODS 
A total of 19 adult female ICR mice were obtained from Charles Rivers 
Laboratories (Margate, UK); weighing an average of 27-30g upon arrival. Mice were 
housed with food and water provided ad libitum. A 12h light-dark cycle was maintained at 
a constant temperature of 20-22°C. Environmental enrichments (tunnels and nesting 
material) were provided in each cage. Animals were allowed to acclimatize to their new 
environmental for one week before experimental procedures. All procedures in the animals 
were conducted in accordance with UK Home Office Animal (Scientific Procedures) Act 
1986. 
A group of four mice were submitted to a high fat diet for one month (Group 
HF1), and a group of five mice were submitted for 2 months (Group HF2). The high fat diet 
was providing by Special Diet Services (SDS) UK, and has 24% of fatty acid added to its 
composition.  The control group (n=4) did not receive any specific treatment and was fed 
with standard pelleted food (SDS). Another group of six mice were treated with daily 
injections of rosiglitazone (10mg/kg body weight, Sigma, Dorset, UK) intraperitoneal (i.p.), 
for 8 days.  Mice were sacrificed by an overdose of pentobarbitone.  All possible saliva 
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samples were collected directly from the mouths of anaesthetised mice following 
administration of the autonomimetic carbachol (1 mg/ Kg, i.p.).   
Submandibular gland samples were extracted for analyses. At the end of the 
experiment, submandibular glands were removed, weighed and tissues fixed in 4% 
formalin overnight or frozen in liquid nitrogen for biochemical analyses.   
Histochemical staining of tissue samples: Submandibular glands were 
embedded in wax and 5 μm thick sections were cut and mounted on superfrost plus-coated 
slides. General morphology of the tissue sections was assessed by H&E staining.  The 
secretory granules inside acinar cells were identified by alcian blue/ periodic acid Schiff’s 
staining (AB/PAS) staining. 
 
Immunohistochemistry on tissue sections 
The tissue sections were first de-waxed and then incubated in a solution of 3% 
hydrogen peroxide to inhibit the endogenous peroxidase. Sections were incubated at 95°C 
for 15min in citric acid buffer (pH 6.0). After being washed in phosphate–buffered saline 
(PBS; 0.1M), the sections were incubated with normal goat serum (DAKO, Ely,UK, 1:5 
diluition of PBS) to avoid non-specific binding of the primary antibody. Tissue sections 
were incubated with Phospho-Tyrosine Hydroxylase (Cell Signalling Technology, 
Hertfordshire, UK) diluted 1:1600 in PBS. The secondary antibody was biotinylated goat-
anti-rabbit polyclonal (DAKO 1:400 dilution); so sections were reacted with streptavidin-
biotin horse-radish peroxidase complex (DAKO). The peroxidase activity was visualized 
with diaminobenzidinetetra-hydrochloride (DAB) (0.5mg/ml) and counterstained with 
Mayer’s Haematoxylin. 
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Periodic acid-Schiff’s Staining 
PAS of mice saliva was used to asses glycoproteins. After electrophoresis, the gel 
was fixed in methanol and acetic acid, incubated in 1% periodic acid for 15 min, rinsed 
with double distilled water and stained with Schiff’s reagent for up to 60 min. 
 
Tissue Preparation and Imunoblotting 
Tissue specimens stored at -80°C were homogenized in 19 volumes (wt/vol) of 
ice-cold homogenization buffer 1% Triton X-100, Tris-HCL pH 7.4, 1mM EDTA, and a 
1% v/v dilution of protease Cocktail set 1 (Merck Chemicals Ltd, Nottingham, UK) using 
an Ultra-Thurrax homogenizer (IKA Labortechnik, Staufen, Germany). 
SDS- PAGE of samples was carried out (NUPAGE Novex Bis-Tris 4-12% gel; 
Life technologies, Paisley, UK). Proteins resolved by electrophoresis were then 
electroblotted onto 0,45 μm nitrocellulose membranes (Anderman and Co., Kingston-
Upon-Thames, UK).  The procedure followed for immunoblotting is that which has been 
used previously.
 
Membranes were
 
imaged in a ChemiDoc Imaging System (BIORAD 
Laboratories Ltd, Hertfordshire, UK), with optimized exposure times and the built in high 
sensitivity blot detection which highlights over saturated pixels to obtain ideal exposure of 
images of the protein bands. Band intensity from immunoblots were quantified using the 
image analysis software image version 1.46 (NIH, Maryland, MD, USA), with each bar 
representing the mean normalized from the ratio of β-actin ± S.E.M.  
The antibodies Anti-phospho-4E-BP1 (1:1000 for western blotting ), Phospho- 
Tirosine Hydroxylase (1:1000 for western blotting) were obtained from Cell Signalling 
Technology (Hertfordshire, UK) and anti-β-actin was from Sigma-Aldrich (ST. Louis, MO, 
USA). Secondary antibodies included polyclonal goat anti-mouse immunoglobulin-HRP 
and polyclonal goat anti-rabbit immunoglobulin-HRP from Dako. 
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Microarray data 
Frozen tissue was homogenized and RNA extracted using the 
phenol/chloroform method and then cleaned up by affinity columns according to the 
manufacturer’s instructions (Qiaquick, Qiagen, London, UK).  The labelled targets for 
Affymetrix DNA microarray analysis were prepared according to the manufacturer’s 
instructions.  Mouse Genome 230 2.0 GeneChip microarray was hybridized with the targets 
for 16 h and then washed and stained using the GeneChip Fluidics station according to the 
manufacturer’s instructions. DNA chips were scanned using the GeneChip scanner, and the 
images obtained were processed by the GeneChip Operating Software (GCOS) (version 
3.2) (Affymetrix, High Wycombe, UK) incorporating the MAS 5.0 algorithm for 
background correction, normalization and summarization of probe sets. 
 
RESULTS 
To understand possible consequences of a high fat diet on salivary gland 
homeostasis we used microarray analysis of mRNA from mice on high fat diet compared to 
normal chow diet. As expected, the studies groups submitted to high fat diet (HF1 and 
HF2) showed a significant increase in body weight when compared to the starting weight 
and of the animals on normal chow diet (p<0.05).  We chose 1 month on high fat diet to 
look for early changes in salivary glands.  There were a significant number of gene changes 
(139 genes showed a greater than 2 fold up or down regulation out of a total of 21,000 
genes analysed), although it is only preliminary data (n=1 vs 1). Taxonomic analysis 
suggested a large number of these genes were related to autonomic nerves (e.g., neuron-
derived neurotrophic factor, neurofibromatosis 1, synaptotagmin VI).  Although there were 
no changes in mTOR components (such as 4E-BP1) there were some possible mTOR 
induced changes, such as retinoic acid early transcript 1 and Y box protein 1.We then 
analysed tissue homogenates of submandibular glands and sub-dermal fat for evidence of 
mTOR activation by looking at levels of the phosphorylated 4E-BP1; a substrate of the 
mTOR kinase.  
 54 
 
 
 The groups HF1 and HF2 showed similar behaviour regarding the analyses. 
Submandibular glands from mice submitted to high fat diet showed low or no expression of 
phosphorylated 4E-BP1. In contrast, the fat tissue dissected mice submitted to the same diet 
showed expression of activated mTOR by the high expression of phosphorylated 4E-BP1 
(see figure 1).   
 
 
 
Figura 1 - Control Mice (C); High fat diet for two months (HF2). Immunoblot showing P4E-BP1 
was inactive in submandibular gland (a), and showing protein expression in adipose 
tissue (b). 
 
The lack of mTOR activation in salivary glands fed on a high fat diet was a 
surprise, since we have previously shown that mTOR activation in salivary glands is 
(a) 
(b) 
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possible under certain circumstances (Silver et al. 2010, Bosorgi et al. 2014) and others 
have shown mTOR can be activated by high fat diets in adipocytes  (Robinson et al. 2014).   
Since fat cells are known to be innervated, we sought to confirm some of the 
changes shown by microarray by analysing tissue sections (for fat cells) and by using a 
sympathetic nerve marker tyrosine hydroxylase on glandular homogenates.  Whilst 
histochemical analysis (oil Red O) of the glands showed an absence of fat cells the 
immunoblotting showed large increases in tyrosine hydroxylase in glandular homogenates 
(Figure 2). 
 
 
Figura 2 - Control (C); High fat diet for two months (HF2). Immunoblot showing Phospho 
Tyrosine Hydroxylase expression in HF2 group 
 
Given the lack of mTOR activation in salivary glands and a lack of fat cells 
despite two months of high fat diet, we decided to directly activate the fat cell 
differentiation by rosiglitazone, which directly stimulates PPAR gamma in pre-adipocytes 
to differentiate into adipocytes via mTOR activation Analysis of mTOR also suggested 
activation as there were greater levels of phosphorylated 4E-BP1 compared to controls 
(Figure 3). 
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Figura 3 - Control (C); rosiglitazone (RG). Immunobloting showing the P4EBP1 
expression in mice treated with rosiglitazone (RG) 
 
Histochemical analysis of glands from rosiglitazone mice showed no adipocyte 
formation (Figure 4). Moreover, analysis of the saliva from this mice in comparison to 
saliva from carbachol-injected control ones revealed a significantly greater amount of total 
protein (Figure 5). Immunohistochemistry of rosiglitazone-treated mice using tyrosine 
hydrosylase, shows immunoreactivity of the antibody confirming some of the changes in 
sympathetic innervations (Figure 6). 
 
 
 
Figura 4 - H&E (a) and Oil Red O (b) Staining of submandibular gland in mice submitted 
to rosiglitazone injections (RG) 
 
(a) (b) 
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Figura 5- PAS Staining of controls mice (C) and rosiglitazone treated  (RG) 
 
 
 
 
Figura 6 – (a) Immunohistochemistry of rosaglitzone-treated mice using tyrosine 
hydrosylase showing immunoreactivity of the antibody on nerve bundles 
(arrow) and salivary ductal cells. (b) Immunohistochemistry of control mice 
for TH. Original magnification x 25. 
(a) (b) 
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DISCUSSION 
The prevailing view that white adipose tissue (WAT) is a passive storage organ 
for excess of calories has been revised (Peirce et al., 2014). WAT does have an important 
role in buffering nutrient availability and demand by storing excess of calories and 
preventing the toxic accumulation of excess of nutrients in non-adipose tissues (Lelliott and 
Vidal-Puig, 2004). It also communicates with metabolically relevant organs by secreting 
so-called adipokines as part of a dynamic endocrine system that regulates nutrient 
partitioning into peripheral tissues (Scherer, 2006). It is of interest to know whether 
adipokines or other factors affect the normal functioning of exocrine organs within the 
body.  The salivary glands form an easy to access exocrine gland for study.   
The data in this paper suggest that high fat diets do induce some early changes 
to salivary glands. Both the microarray and the tyrosine hydroylase suggest an increase in 
sympathetic innervations. It has previously been shown that fat cells and tissues are 
innervated by sympathetic nerve fibres (Bartness et al., 2014; Ryu et al., 2014).  
Surprisingly, we did not find that high fat diet after one or two months resulted in fat cell 
deposition/adipocyte formation in salivary glands. Fat cells are a common feature of human 
salivary glands (Syrjanen, 1984) but there appearance does not presumably reflect a high 
fat diet; perhaps it is caused by other metabolic or neural changes in the gland. 
Thus, we tried to directly stimulate the fat cells by rosiglitazone - a PPAR 
gamma agonist. PPAR-γ is a key driver of the general adipogenic programme (Peirce et al., 
2014). Repeated injections (eight days consecutive) revealed that when anaesthetised for 
removal of tissues the mice present a significant salivary flow. In some mice this was as 
much as 200 μl, normally no such flow occurs.  In addition, glandular homogenates of 
salivary glands though showed some distinct changes. Glands were generally (but not 
statistically) larger. The effects of rosiglitazone on salivary glands have not previously been 
published. The results suggested that salivary glands do not contain pre-adipocytes at this 
early stage. rosiglitazone caused increase in gland size and protein secretion, which 
suggests sympathetic stimulation (Figure 6). Susa et al. (2013) have shown that the long 
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term administration of beta adrenergic drugs such as isoproterenol (isoprenalin) caused 
increase in glandular size and the increased protein content in saliva Thus, it may be 
possible to infer that rosiglitazone could be stimulating sympathetic via PPAR gamma 
receptors on nerves. It would be interesting to see if sympathetic nerve blockers, such 
propranolol or clonidine, prevent rosiglitazone effects on salivary glands.  
The microarray analyses showed some modified genes in mice fed with high fat 
diet even after just one month. There were some possible mTOR induced changes, such as 
retinoic acid early transcript 1 and Y box protein 1.  These targets have been shown before 
to be induced by mTOR activation (Sahin et al., 2014; Zhang et al. 2014). The majority of 
the genes modified were linked with nerve growth factors. It seems that increasing 
sympathetic innervation might be a first stage response in salivary glands to high fat diet.  
The sympathetic nervous system (SNS) regulates responses to energy deficits caused by 
energy shortages (for example, fasting) or increased energy expenditure (for example, cold 
exposure). Thus, it is possible that obesity leads to increased sympathetic activity or that 
increased sympathetic activity could lead to obesity (Masuo et al., 2003; Bulloch & Daly, 
2014). 
 
CONCLUSION 
One would have to conclude that fat deposition in salivary glands remains an 
enigma. High fat diets do induce some early changes to salivary glands which seem to be 
an increase in sympathetic innervations.  However adipocyte formation did not occur with 
high fat diet. Rosiglitazone had some surprising effects on salivary glands and it is possible 
that its longer administration could induce fat cells to develop.  Diabetic mice are the only 
animal model in which some fat (within) cells appears but in humans separate fat cells 
appear with age.  Thus the question remains do they represent an age-related phenomena 
rather than a metabolic consequence. 
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CONCLUSÃO: 
De acordo com os resultados obtidos, pode-se observar que: 
A função mastigatória, performance e habilidade, e o paladar não foram 
relacionados ao padrão salivar em adultos jovens saudáveis. A antropometria foi 
relacionada à habilidade mastigatória e fracamente ao paladar. Não houve diferença entre 
os gêneros em relação à função mastigatória e paladar para a amostra estudada. 
A bioquímica salivar apresentou comportamento similar na comparação entre 
os grupos em relação à antropometria assim como a produção dos CSV em adultos jovens e 
saudáveis. Na bioquímica salivar houve diferença significativa nas concentrações de cálcio, 
fosfato, proteína total e ureia entre os fluxos não estimulado e estimulado. A amilase salivar 
não apresentou diferença entre fluxos. A produção dos CSV quando em valores maiores 
que o limite para o gás metilmercaptana correlacionou-se positivamente com o pH em 
saliva não estimulada. 
O estudo da indução de adipogênese em glândula salivar, no modelo animal, 
utilizando dieta rica em gordura e ativação de PPAR gamma sugeriu mudanças no padrão 
de inervação da glândula, embora não houvesse o aparecimento de acúmulo de células 
adiposas na mesma. 
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ANEXO 2 – TERMO DE CONSETIMENTO LIVRE E ESCLARECIDO 
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ANEXO 3 – LICENÇA PARA PESQUISA COM ANIMAIS 
 
